1. Introduction
===============

Chronic obstructive pulmonary disease (COPD) is a systemic disease with various co-morbid conditions, including cardiovascular disease, depression, chronic kidney disease, and osteoporosis.^\[[@R1]--[@R6]\]^ Epidemiological studies have reported that the prevalence of COPD in the general population ranges from 8 to 20%, and the world population of COPD patients reached 7.3 billion cases in 2015.^\[[@R7],[@R8]\]^ People with COPD have a higher risk of cardiovascular diseases, most commonly coronary artery disease, atrial fibrillation, myocardial infarction (MI) and heart failure, but also present with poorer long-term survival and outcomes after MI.^\[[@R9],[@R10]\]^

Due to advancement in perioperative care and improvement in anesthetic and surgical techniques, an increasing number of COPD patients are qualified for open-heart procedures and accept this treatment option despite increased risk, as compared with non-COPD patients.

To stratify perioperative risk in cardiac surgery, the European System for Cardiac Operative Risk Evaluation (EuroSCORE) system, which is widely used, includes chronic pulmonary disease as an independent prognostic factor for surgical mortality.^\[[@R11]\]^ Postoperative complications, such as respiratory failure, requiring repeated intubation or prolonged support of mechanical ventilation, are common in COPD patients undergoing coronary artery bypass grafting (CABG) procedure with the use of cardiopulmonary by-pass.^\[[@R12],[@R13]\]^ Many patients with COPD undergoing CABG are at higher risk for postoperative complications, including pneumonia, respiratory failure, stroke, wound infection, renal failure and require prolonged stay in the intensive care unit (ICU) and in the hospital after surgery.^\[[@R12],[@R14]\]^ Yet majority of the studies that report data regarding COPD patients concentrate on those undergoing CABG and very few have reported outcome in COPD patients undergoing other kinds of cardiac surgery.

The aim of this study was to assess the impact of COPD on the prediction of postoperative complications and outcome including ICU stay, hospital stay, postoperative complications, and mortality in patients undergoing all kinds of cardiac surgery requiring general anesthesia in 1 cardiac surgery center.

2. Material and methods
=======================

2.1. Patients population
------------------------

Based on data collected from January 1st, 2014 to December 31st, 2016, a retrospective cohort analysis was performed at the Department of Cardiac Surgery, Pomeranian Medical University in Szczecin. The study involved 3467 patients qualified for cardiac surgery. The study excluded patients undergoing minimally invasive procedures, without the use of general anesthesia and patients without complete information regarding the perioperative surgery.

2.2. Data analysis
------------------

Pre-surgery medical records provided information on demographic data (age, sex, body mass index), comorbidities, and previous history of hypertension, diabetes, atherosclerosis, angina pain, MI, atrial fibrillation, heart failure, cancer, neurological diseases, kidney disease, and COPD. Routine preoperative, perioperative, and postoperative examinations yielded data on baseline ejection fraction, based on echocardiography, C-reactive protein, creatinine and glomerular filtration rate, phosphocreatine kinase, and glycated hemoglobin, aortic clamping time, perfusion time and reperfusion and intubation time. The operational risk assessment was performed using the EuroScore II (ESL) scale. After surgery, information about 30-day mortality, postoperative complications (stroke, transient ischemic attack, convulsions, delirium, cardiogenic shock, pneumothorax, respiratory failure, acute kidney injury, atrial fibrillation), ICU length of stay and hospital length of stay at the Cardiac Surgery Department were obtained.

We included all consecutive patients undergoing cardiac surgery between 2014 and 2016 and divided them into subgroups depending on the diagnosis of COPD. The first group included patients with a clinical diagnosis of COPD according to the GOLD criteria stages I to IV.^\[[@R5]\]^ The second group included patients without a clinical diagnosis of COPD. Figure [1](#F1){ref-type="fig"} presents study flowchart showing division into subgroups.

![Study flowchart. COPD = chronic obstructive pulmonary disease, n = number of patients.](medi-99-e19675-g001){#F1}

2.3. Ethics
-----------

Due to the retrospective nature of the study design, the study received a waiver from the Bioethical Committee of the Pomeranian Medical University in Szczecin, Poland, decision no (KB-0012/277/10/18). Nevertheless, informed consent was obtained before surgery from each patient for data collection. The study was performed in accordance with the Declaration of Helsinki and STROBE guidelines for epidemiological studies.

2.4. Statistical analysis
-------------------------

To evaluate the normality of the distribution of the studied variables we used the Shapiro-Wilk test. Descriptive statistics for the 2 groups (COPD and non-COPD) were made for quantitative data using the Mann--Whitney *U* test, the results were presented using mean and standard deviation. We performed, analysis of qualitative data using the Chi-square test or Chi-square test with Yates correction for the 2 groups, the data were presented using the number of patients and percentages. The odds ratio (OR) of postoperative complications in COPD patients was obtained through the use of logistic regression. Univariable logistic regression and multiple logistic regression adjusted by age, sex, body mass index, smoking, and baseline medical comorbidities were performed. The results of regression were presented with the value of the OR with 95% confidence intervals and the statistical significance value. All data were analyzed using licensed software Statistica 12 (StatSoft, Inc, Tulsa, OK). *P*-value of \<.05 was regarded as statistically significant.

3. Results
==========

3.1. Baseline characteristics
-----------------------------

We analyzed 3178 patients, 198 (6.23%) with COPD and 2980 (93.77%) without COPD. One of the elements of the ESL scale is chronic lung disease, therefore patients with COPD presented a much higher operating risk scale (4.76 ± 6.79) compared to patients without COPD (3.15 ± 4.66), *P* \< .001. Table [1](#T1){ref-type="table"} presents demographic data, basic comorbidities and preoperative and intraoperative parameters divided by the occurrence of COPD. The average age of patients not suffering from COPD was 65.7 ± 9.7 years, while those suffering from COPD were significantly older 68.6 ± 8.1 years (*P* \< .001). Among patients with COPD, more people smoked cigarettes (*P* = .002) and the length of cigarette smoking was significantly higher (*P* \< .001). Of the preoperative comorbidities, statistically significant differences between the groups were obtained only regarding transient ischemic attacks (*P* = .007), congestive heart failure New York Heart Association III and IV (*P* = .002) and persistent atrial fibrillation (*P* = .005). A larger number of COPD patients also suffered from pulmonary hypertension (*P* = .043). Patients with COPD on the day of admission to the cardiac surgery department had a significantly lower level of glomerular filtration rate than patients without COPD (*P* = .007). The use of hemofiltration during surgery was more often reported in patients with COPD (*P* = .032).

###### 

Comparison of baseline demographics and characteristics for study groups.
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3.2. Postoperative outcome and complications
--------------------------------------------

Table [2](#T2){ref-type="table"} presents a comparison of postoperative parameters and the occurrence of postoperative complications between patients undergoing cardiac surgery with the co-accompanying COPD and without COPD. After surgery, a significantly higher level of creatinine was measured in patients with COPD than in those without pulmonary problems (*P* \< .001). Among patients with obstructive pulmonary disease, a significantly longer intubation time (*P* = .039), ICU stay (*P* \< .001), and hospitalization (*P* = .006) were observed compared to the remaining patients. Attention is drawn to the fact that patients with COPD had a significantly higher number of episodes of bronchospasm after surgery (*P* = .001) and respiratory failure (*P* = .001). These patients were also more often re-intubated compared to people without COPD, 2 intubations were required in 19 (9.60%) versus 144 (4.83%) patients (*P* = .002), while 3 and more intubations were required in 7 (3.54%) versus 34 (1.14%) patients (*P* = .006). Mortality within 30 days after surgery was higher in patients with pulmonary problems before surgery (*P* = .003). Interestingly, although the number of episodes of pneumonia was higher in COPD patients, this was not statistically significant - 11 (5.56%) versus 96 (3.22%) (*P* = .119).

###### 

Comparison postoperative outcome and complications for patients with COPD and patients without COPD.
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The results of univariable logistic regression (Table [3](#T3){ref-type="table"}) confirm the association of COPD with the occurrence of increased mortality up to 30 days after surgery (OR = 2.186, *P* = .002). The risk of respiratory failure was twice as high for COPD than for non-COPD patients (OR = 1.975, *P* = .001). In addition, COPD patients had an increased risk of bronchospasm (OR = 4.868, *P* = .001), stroke (OR = 1.877, *P* = .045), atrial fibrillation (OR = 1.648, *P* = .002), and delirium (OR = 1.642, *P* = .006). Among patients with COPD, there was a slight but increased risk of a longer ICU (OR = 1.022, *P* = .022) and hospital length of stay (OR = 1.011, *P* = .028).

###### 

Univariable logistic regression analysis for patients with COPD.
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The assessment of the relationship between COPD and the occurrence of postoperative complications is presented in Table [4](#T4){ref-type="table"}. The 30-day mortality rate and postoperative adverse events were presented using multivariable OR adjusted to selected demographic factors and comorbidities. After correcting the interfering variables, an independent association of COPD was obtained in patients after cardiac surgery with postoperative complications. There was an increased risk of postoperative bronchoconstriction (OR = 4.40, *P* = .002), respiratory failure (OR = 1.67, *P* = .018), atrial fibrillation (OR = 1.45, *P* = .023), and the use of hemofiltration (OR = 1.60, *P* = .029).

###### 

Multivariable logistic regression analysis for patients with COPD.
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4. Discussion
=============

In this retrospective cohort analysis of prospectively collected involving patients undergoing cardiac surgery with a clinical diagnosis of COPD, we found that patients with preoperative COPD are more often exposed to reintubation and the occurrence of respiratory complications after all types of cardiac surgery, which results in a longer ICU and hospital length of stay. Our study has shown that among patients with COPD, bronchoconstriction occurred 4 times more often, and respiratory failure was twice as likely compared to patients without COPD.

In a prospective study of patients after CABG, Woods et al showed an increased number of pulmonary complications (prolonged ventilation, pulmonary embolism, and pneumonia) in patients with COPD.^\[[@R15]\]^ Similar results were obtained Saleh et al, presented a retrospective analysis of patients undergoing isolated CABG. Among patients with moderate COPD, a significantly longer duration of intubation (OR = 1.60, *P* = .003) was showed; however, patients with severe COPD had more than 2 times the risk of prolonged intubation.^\[[@R16]\]^ Similarly, in a group of patients with COPD (diagnosis based on GOLD or LLN criteria) after cardiac surgery, McKeon et al demonstrated a longer intubation period, a longer ICU and hospital length of stay as compared to the control group without COPD.^\[[@R17]\]^ Cani et al examined 2 groups of patients after coronary artery bypass grafts with pulmonary complications and without pulmonary complications and showed a much longer hospital stay in patients with pulmonary complications.^\[[@R18]\]^ Efird et al showed that prolonged length of stay after CABG was an independent predictor of decreased long-term survival (adjusted hazard ratio \[HR\] 6.0 \[4.4--8.2\]; *P* trend \< .001).^\[[@R14]\]^

According to the Society of Chest Surgeons and the European Heart Operational Risk Assessment System (EuroSCORE) in patients undergoing cardiac surgery, COPD is an independent predictor of hospital mortality.^\[[@R19],[@R20],[@R22]--[@R26]\]^ Our results showed more than a 2-fold increase in mortality up to 30 days after cardiac surgery of patients with COPD (OR = 2.186, *P* = .002). Huang et al carried out a randomized multi-center left main coronary artery disease studies of patients undergoing cardiac revascularization. Regardless of, whether percutaneous coronary intervention (PCI) or CABG was performed, COPD was independently associated with an increase in 30-day and 3-year mortality rates compared to patients without COPD.^\[[@R19]\]^ Similar results were obtained by Lin et al who performed a retrospective analysis between 2000 and 2012 of 215,275 patients after PCI. In patients with COPD, the analysis showed an increased risk of hospital mortality (OR = 1.83, *P* \< .001).^\[[@R20]\]^ Other results also showed an increase in mortality in patients after PCI (HR = 2.45, *P* \< .0001).^\[[@R21]\]^ Among patients undergoing surgery, CABG Ried et al showed an increase in 30-day mortality.^\[[@R22]\]^

Saleh et al demonstrated in patients with CABG an increase in early mortality in patients with mild (1.4%), moderate (2.9%) and severe COPD (5.7%) (*P* \< .001).^\[[@R16]\]^

O'Boyle et al, in an analysis of 13,337 primary CABG procedures with a median follow-up of 7 years, demonstrated that all types of COPD (obstructive, restrictive, or mixed) are significant factors determining long-term survival.^\[[@R27]\]^ Angouras et al reported a HR of 1.28 (95% confidence interval, 1.11--1.47, *P* = .001) for long-term mortality (mean follow-up 7.6 years).^\[[@R28]\]^

Our results showed also a much higher need for hemofiltration (OR adjusted = 1.60, *P* = .029) in patients with COPD after cardiac surgery than in patients without COPD. A similar result was obtained by Chen et al that has shown an independent relationship between the occurrence of COPD and kidney disease (HR adjusted = 1.61, *P* \< .001).^\[[@R29]\]^ This necessity for hemofiltration in COPD patients observed in our study may be explained by relative pulmonary fluid overload that does not always indicate acute kidney injury.

5. Limitations
==============

This was a retrospective single-center study, and the results may not be generalizable to other cardiac surgery centers, yet the majority of studies regarding COPD patients are single-center reports, therefore there should be a call for multi-center epidemiological studies, including all types of cardiac surgery, not only CABG. Moreover, our follow-up was performed early, up to 30 days postoperatively and a longer follow-up period would add more insight into the long-term mortality in COPD patients. Another limitation of our research was the lack of spirometric testing result which made impossible to assess the severity of COPD. Although we have reported data regarding delirium in this group of patients with COPD, we have not reported the intensity of pain. Both delirium and pain associated with prolonged intubation time should be reported in COPD patients and can be easily assessed using dedicated scales, even in non-verbal critically ill patients.^\[[@R30]--[@R32]\]^

6. Conclusions
==============

Patients with COPD undergoing all types of cardiac surgery are at increased risk of respiratory complications, mortality, and longer ICU and hospital length of stay. In COPD patients undergoing cardiac surgery treatment strategies aimed at preventing reintubation and early weaning from mechanical ventilation must be employed to reduce postoperative complications including the length of ICU and hospital stay, as well as mortality.
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